Abstract-In this paper, we explore the application of game theory to model human decisions making and pedestrian dynamics for evacuation process. In game-theory approach, a pedestrian is represented as a player or an agent where the agent makes its decision by inspecting its neighbors' decision. The game theory is used to study behavioral relations and applied in the science of human behavior decisions. In pedestrian dynamics, the theory deals with individual interaction toward the destination considering psychology and physics. The matrix associated with game theory changes depending on distance to the evacuation exits and obstacles faced on the path, density of evacuees and so on. In this paper, we review the recent articles which studied the game theory to study the pedestrian dynamics and the evacuation process.
I. INTRODUCTION
Pedestrian dynamics is important for crowd management to study the pedestrian movement behavior, which may create congestions resulting in dangerous events e.g., stampede, collision and crush. Specifically, emergency events e.g., fire, explosion and toxic cloud release in a confined area e.g., high-rise building, shopping mall, stadium and industry building can pose extreme danger to the life and property. During emergency evacuation, it is necessary to evacuate the pedestrians from the hazardous area to the safe zone in a shortest possible time [1] . In the event of fire spreading in a building, predicting evacuation path is one of the hardest tasks for the building management [2] . The problem of predicting pedestrian paths and decisions becomes more complex when occupants egress through multiple exits and the groups of evacuees interact in evacuation process. Pedestrian dynamics is used to predict the path, speed and time of evacuees from the start point until the exit point during the evacuation process [3] .
Many researchers have developed the evacuation models and software simulators to provide safety of the pedestrians against hazardous events e.g., fire [4] . Thus, there are various evacuation models, approach and software developed for evacuation process, focusing on simulation of the pedestrian flow and the crowd behavior [5] . The software are based on microscopic [6] , macroscopic [7] or mesoscopic model [8, 9] to assist the safety managers and building designers to predict the pedestrian movement as well as to study the behavioral refection of the evacuees during their movement.
Game theory was developed by John von Neumann in 1928 to understand situations in which the decision-makers interact [10] . Game theory is a mathematical macroscopic model based on a microscopic model [11] , presenting the crowd dynamics in terms of groups, but it is based on a microscopic model that considers pedestrians with rational expectations, where the pedestrians are represented as agents making a decisions [3] . The model can be used to study behavioral relations and evaluate the decision of human behavior. Game theory is used in psychology associated with pedestrian dynamics to deal with individual interaction among pedestrians toward their target, avoiding dangerous area e.g. fire, toxic gas and smoke [10] . In the game theorybased modeling for emergency evacuation, a pedestrian is presented as a player and the player action is executed to reach emergency exits. The model contains psychological parameters to make the evacuation exit choice and decision affected by the individual character [12] .
II. GAME THEORY BASED ON SEARCH ALGORITHMS
In this section, we present evacuation process that uses game theory based on the path search algorithms to reduce the egress problem and evacuation route for evacuation plan. Based on decision-making and quantitative risk analysis the first step is to conduct a risk assessment to predict the risk 2018 International Seminar on Application for Technology of Information and Communication (iSemantic) related to routes movement and path finding. Therefore, game theory deals with the risk scenarios e.g., the interaction of pedestrian and pushing as well crossing to dangerous place. Figure 1 shows the demonstration of the shortest pathfinding method based on the study of interaction of individuals and their decisions. The decisions of the individuals can be evaluated using a game theory model for selecting the appropriate evacuation exit-routes. Search methods e.g., A*search, theta* search and D* search find the shortest path as well as shortest possible time for evacuation. 
A. A* search
During an evacuation process, it is important to carry out fast and safe evacuation by finding the optimal path from hazardous area to a safe exit. Thus, to move from point S(start) to point D (destination), the pedestrians reach the goal by moving around obstacles, walls and blocks. A* search method can be used to search the route choice of the individual pedestrian movement by computing a shortest path. A* uses a cost function to give an estimation of the total path.
B. Theta* search
This method finds the shortest path in a more realistic way by utilizing the angular information. Best path from a start to the goal position is appropriately computed. Researchers developed this method to simulate the pedestrian movement, as well as the robotic application. The method allows dividing the surface with different shapes of grids.
C. D* search
This method is used in the evacuation route planning and mobile robots to find the lowest-cost path through the graph in a real-time scenario. The focused D* algorithm developed by [13] is an efficient search algorithm to deal with large distribution sets [14] . Thus, D* Search is an effective algorithm that can be used to develop route planning for emergency evacuation process.
III. GAME-BASED METHODS
Interactions and behaviors of pedestrians during the emergency situations can be modeled and simulated by a variety of game theory methods. We present a brief overview for the common types of the methods used in this survey.
A. Cooperative and Non-Cooperative
Cooperative and non-cooperative methods are used to study the interaction behavior among the pedestrian conflictions during pedestrians-flow considering evacuation times [15] . This approach is usually used in order to study the group interaction during path finding and to determine the likelihood to change the paths. This model helps understanding if the people follow the signage rules or not. The model can be used in zebra crossing, egress in different places.
B. Symmetric and Asymmetric
Symmetric game type has more acceptability where the player has an equal chance for deciding to travel. If the player's identity can be changed without changing the payoff to the strategies, then the game is symmetric. On the contrary, the game is asymmetric where there are no identical strategy sets for both players.
C. Zero-sum and Non-zero-sum
In zero-sum model, the sum of the payoffs of the two players is zero for any choice of strategies which means one player wins exactly in the same extent that the other player loses [16] . Meanwhile, the other type such as traveler's dilemma is non-zero-sum games. The model is used to study the route choice problem as a zero-sum game to find the lane-changing for connected vehicles [17] , The model can be used for path choice and exit egress selection.
D. Mean field games
This type for game theory is used to study strategic decision making for population interactions of pedestrian crowd. Some applications of mean-field-type include route traffic networks, multi-story building evacuation, power distributions networks and so on [11] .
IV. GAME THEORY IN PEDESTRIAN DYNAMICS
Pedestrian dynamic models in the context of the evacuation process such as game theory, cellular automata and social force model are used for comprehensive understanding of the pedestrian movements. Pedestrian dynamics models divided into two main types (i) microscopic models e.g., social force model [18, 19] , cellular automata [20] [21] [22] [23] [24] which study people movement and can include interaction between people as each pedestrian occupies one circle or cell which may be partially occupied by the neighbors. (ii) macroscopic models e.g., continuum model, queueing model [25] , game theory models [10] and fluid dynamic models [26] . However, our scope is to study the models that utilize the game theories that deal with strategic and social interactions among the pedestrians during an evacuation process. Figure 2 presented the steps of the generalized evacuation method using a game theory -by starting from the initial response until the destination by taking time into account. Guan et al. [27] integrated a cellular automata approach with a snowdrift game theory for pedestrian behavior to simulate conflictions associated with the crowd dynamic during emergency evacuation process. The study consists of two types of individuals -cooperators and non-cooperators and with two main factors -cost coefficient and fear index. The test results reveal that the cost coefficient and fear index increased the evacuation time. Moreover, the ratio of noncooperators to cooperators exhibits steady states even with different values of parameters, due to the effects of selforganization. Tanimoto et al. [22] studied the effects of bottleneck and evacuation exit during emergency by integrating a cellular automaton model for pedestrian dynamics with game theory and field approximation analysis. In this study, the authors compared between the pedestrian problems faced in a bottleneck exit using the collision effect derived from game theory and static floor field. The bottleneck problem, in that pedestrians rush toward the exits, results in a breakdown of pedestrian flow from the exit due to congestion effect. The authors focused on bottleneck problems in pedestrian flow as they are theoretically relevant to game theory. The test results demonstrated that pedestrian flow rate through an exit is enhanced by setting a proper obstacle before the exit to reduce collision probability at the exit.
Lo et al. [10] integrated exit choice model with game theory for evacuation during escape from a fire zone in building using the dynamic exit choice process of evacuees. The authors studied the evacuees' interaction and their effects for evacuation path and rescue time for a multi-exit area. The author used non-cooperative type of game theory to deal with individual interactions among pedestrians toward their goals (exit). Results presented that the approach will guide the evacuees interaction with the environment, by scrutinizing the familiarity effects and environmental stimuli on exit selection process. Bjørnskau [28] used a game theory to analyze the behavior interaction among pedestrians, car drivers and cyclists at crosswalk in Norway during normal situation of traffic. They studied the crossing behavior at three types of crosswalk in order to validate the study. The results showed that the game theory model can be a valuable tool to understand and predict interactions of road user in order to improve traffic safety. Mesmer et al. [29] incorporated an individual's decision making and game theory approach with a velocity obstacle method to capture human behavior during maneuvering in an environment occupied by obstacles or other individuals. The model can be used to examine decision-making process for the human dynamic captures, instead of modeling the behavior directly. The model was used in different case-studies and examples to show that the decision-based method is effective to simulate the human behaviors during evacuations and in crowded situation. Talebpour et al. [17] used a lane-change model based on game theory for connected vehicles to study the drivers' behavior during driving and to enhance drivers' operational decisions e.g., acceleration, lane-changing and awareness of the surrounding traffic. Results showed that the proposed model can be used to determine the lane-changing behavior with some limitations. von Schantz et al. [30] developed a computationally light evacuation simulation model for pedestrian movement. The authors incorporated cellular automaton with game theory in order to enable the agents with decision-making capacities. In the game theory, an individual observes the decision of its neighbors and reacts according to its movement. In the game matrix, the agents have decisions to choose: (i) patient or (ii) impatient. Moreover, the expected rescue time and available safe egress time are taken as decision of the agents. The results presented that impatient agents can reach the evacuation exit faster than patient agents. The results also showed that more agents were impatient and the evacuation was slower for the whole crowd. Wang et al. [31] presented a game-theory approach for predictive lane-changing for automated driving systems. The parameters taken for the presented model are based on the game theory where the controlled vehicles decisions change depends on the other vehicles decision. The results showed that the proposed approach is useful for an effective lane-changing movement. Li et al. [32] integrated game theory approach with Monte-Carlo method for optimization evacuation routing in complex scenarios. The evacuation model considers two steps, where -the first step uses a Monte Carlo method to assess the risk level of the route, the second step uses a novel model based on game theory to compute a solution that guides the evacuation of all occupants from the selected area. According to the authors, the model presented in the study can guide evacuees to the route. Mesmer et al. [33] developed a game theory model to determine egress decision and exit choice during an emergency evacuation. The developed model can be used to study exit decision making that captures behaviors and interactions among the pedestrians. The model was validated by comparing to the experimental data obtained from a real case-study. According to the authors, the proposed model provides more reliability than the traditional large-scale heuristic methods. Bouzat et al. [34] used a game-theorybased cooperative and non-cooperative model with a lattice gas model to simulate the pedestrian evacuation. The model was used to study the evacuation process of pedestrians from a room with a single exit. The developed model is used to determine individual decisions that may influence to the interactions of pedestrian movement. The results showed that, due to mutual cooperation, the evacuation process of cooperators is accelerated. Thus, evacuation with cooperators becomes than that with non-cooperators. Shi et al. [35] used a snowdrift game theory to simulate interaction among the conflicting pedestrians during evacuation from a room with a single exit. The authors integrated the game model with a modified lattice gas model to study pedestrian movement. The payoff matrix associated with the game theory represents the interaction among the pedestrians along their way to exit. The test results demonstrate that each person interacting with its neighbors randomly endeavors to take over the empty neighbors' position. Moreover, the integrated model exhibits different dynamics before leading to a consistent state. Test results shows that the escape time becomes shorter, when the density of pedestrians is lower Chizari et al. [36] integrated an agent-based approach with game theory model for modeling evacuee uncertainty behavior during evacuation in building. The results of the study showed that with different evacuation scenarios, time of evacuation change when they take uncertainty into consideration. Braglia et al. [12] Presented a game theory for the evacuees in egress exit during emergency situation. The presented model consists of aspects and psychological parameters to obtain a suitable presentation of the human behavior and evacuation management during emergency situations. Zheng et al. [15] Integrated a game theory with an evacuation model to determine the density of evacuees and their evacuation times to reach exit in a big room size with a single exit door. The model is based on evacuation dynamics where the cellular automata used to determine evacuee's movement rules and the game-theoretical model used to determine the evacuee's behaviors (cooperative and competitive) rules. The results showed that (i) cooperation among evacuees' decreases when the urgency of evacuation increases; (ii) in the evacuation, the hyper-rationality between evacuees reduces evacuation efficacy and delays evacuation times; (iii) the imitation effect increases cooperation between evacuees, meanwhile, it decreases evacuation efficacy and increases evacuation times. Lachapelle et al. [11] presented a pedestrian crowd approach based on game theory approach to model crowd motion and congestion behavior. The developed approach is used to describe anticipation phenomena and to reduce computational cost of macroscopic simulations. The model presented a mean field game where pedestrians are players with decision and they are willing to improve their paths and reduce congestion with certain costs. The model uses Mean Field Games (MFG) and focuses on interactions between two groups of pedestrians e.g., uncooperative and congestion behavior. The authors presented numerical solvers including complex group behaviors and anticipation phenomena e.g., symmetry breaking, lane formation to reproduce characteristic features of crowds. The model was validated by presenting different examples. According to the authors, the proposed models give a good effect of the possibilities of mean field game theory.
The outcome of our paper is to review all the previous studies that implement game theories for pedestrian dynamics for evacuation process. Table 1 presents a comparison of the applications of the game theory for pedestrian dynamic during normal and emergency evacuation situations studied on the above reviewed works. The second column shows the different types of game theory models integrated with cellular automaton or agent-based models. The third column provides the scenario of the study. The fourth column lists the players involving in the decisionmaking of the game theory, where interaction of the players is used to study the behaviors and movements of the individuals. The last column shows the results or outcomes from the study. This paper presented a survey on game theory models that are used for pedestrian dynamics. The paper covers the most recent articles published in the area of pedestrian movements to their goal (evacuation exit) during normal and emergency situations. The articles which present the new models using a game theory to study the people movement are discussed. Game-theory models can be utilized to study complicated interactions among people and their behavior. Game-theory models are developed to explain people's choices, decision-making and the informal norms of behavior. The integrated models such as cellular automata with cooperative and non-cooperative game theory are used to study the cooperative and noncooperative people during the evacuation, providing powerful techniques for analyzing complex pedestrian dynamics and transport systems. We provide a comparison of features, scenario and game theory matrix of the most interesting articles. The game models which were presented in the article showed that the players have full knowledge of their own decisions and payoffs, as well as knowledge of the decisions and payoffs of the other players. This survey is presented in order to make brief and precise review in the field of pedestrian dynamics for evacuation process.
